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A bi-directional electrode catheter (10) com- 


tip section (14) at different locations along the length of 



prising an elongated tubular catheter body (12), a cath- the tip section (14). Compression coils extend through 

eter tip section (1 4) at the distal end of the catheter body the catheter body (1 2) in surrounding relation to the pull- 

and a control handle (16) at the proximal end of the cath- er wires. At their proximal ends, the puller wires are at- 

eter (10). The tip section (14) comprises two pair of gen- tached to movable pistons in the control handle (16). 

erally diametrically opposed off-axis lumens. Two pair Each piston is controlled by an operator using a slidable 

of puller wires extend from the handle (16), through the button fixedly attached to each piston. Movement of se- 

catheter body (12), and into the off-axis pair of lumens lected buttons results in deflection of the tip section (14) 

of the tip section (14), where they are anchored in the into a generally planar "U" - or H S M -shaped curve. 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



FIG. 1 



CO 
O) 
CO 

o 

00 

o 

Q_ 
LU 



-16 



j — 15- 



r 



10 




12 



14 



1 14 




110 



Printed by Jouve, 75001 PARIS (FR) 



1 



EP 0 980 693 A1 



2 



Description 

FIELD OF THE INVENTION 

[0001] This invention relates to catheters having 
steerable tips and particularly to a catheter having a tip 
which is steerable in two directions. 

BACKGROUND OF THE INVENTION 

[0002] Steerable or deflectable tip cardiovascular 
catheters are useful in many applications, being a 
marked improvement over catheters with fixed tips. 
They are especially useful in the field of electrophysiol- 
ogy for performing radio frequency ablation of cardiac 
tissue to interrupt abnormal electrical pathways in the 
heart. 

[0003] There are presently several useful designs of 
steerable tip catheters. One such steerable tip catheter 
is described in Reissue Patent No. 34,502. The catheter 
has an elongated catheter body and tip portion which 
can be deflected into a semi-circle in one direction. In 
addition, the catheter body and tip portion can be rotat- 
ed. Therefore by tip deflection, catheter rotation and 
catheter translation, i.e., lengthwise movement of the 
catheter, contact of the tip portion with most areas of a 
heart chamber may be made. 

[0004] There are, however structures and irregularity 
in the heart chambers wh ich often make access to a par- 
ticular location difficult. In some cases it is necessary to 
reach around obstacles to contact a desired site. More- 
over, it may be necessary to use a longer or shorter de- 
flectable tip portion to reach a particular site and main- 
tain adequate stable contact. 

[0005] One early multidirectional deflectable tip cath- 
eter had a catheter body and tip with 5 lumens, i.e., a 
central lumen and four outer lumens disposed symmet- 
rically around the central lumen. This catheter had four 
puller wires which extended through the outer lumens. 
The distal ends of the puller wires were attached to a 
ring at the tip and the proximal ends were attached to a 
"joy stick". The central lumen was open at its distal end 
and connected to a luer hub at its proximal end. This 
catheter had no reinforcement in its body or tip. It was 
not suitable for electrophysiology because it had effec- 
tively no torque transmission to the tip which made tip 
rotation difficult. Moreover, the catheter body was sub- 
ject to the same deflection as the tip, but to a lesser de- 
gree. 

[0006] A more recent steerable catheter has a steer- 
able tip that is controlled by a bendable control handle. 
Multiple puller wires connect the steerable tip to this con- 
trol handle which can be bent in any direction and can 
be thought of as a multiple ball joint with friction. The tip, 
once deflected, can be further deflected laterally by an 
internal stylette. The disadvantage of this catheter de- 
sign is that the tip is very soft and has poor lateral stiff- 
ness due to the presence of the stylette which cannot 



transmit torque effectively. Because of this, an electrode 
at the tip of the catheter cannot be held firmly against 
the myocardial wall. 

[0007] Another recent steerable tip catheter compris- 
5 es a deflectable tip which can be deflected in one direc- 
tion by a puller wire and further deflected laterally by an 
internal stylette. The stylette can also be moved axial ly 
within the catheter to change the shape of the tip curva- 
ture. The disadvantage of this catheter design is that the 
lateral stiffness of the tip is dependent upon the stylette 
which cannot transmit torque effectively. 
[0008] In a design wherein the tip is rotated by means 
of a stylette, it follows that the lateral stiffness of the tip 
must be less than that of the stylette alone. This is be- 
cause some torque from the stylette is required to rotate 
the tip. Moreover, the stylet must be kept small to allow 
the catheter body and tip to bend and to be safe within 
the patient body and heart. 



[0009] The present invention provides a cardiovascu- 
lar catheter comprising a steerable catheter tip section, 
an elongated catheter body and a control handle. The 
catheter tip section comprises at least two generally di- 
ametrically opposed off-axis lumens, and preferably an 
axial lumen. 

[0010] The catheter body comprises at least one lu- 
men in communication with the off-axis lumens ofthe 
catheter tip section. Preferably, the catheter body com- 
prises a single central lumen in communication with 
each of the off -axis lumens in the catheter tip section. 
[0011] The catheter comprises two pairs of elongated 
puller wires which extend through the lumen(s) of the 
catheter body and into the off-axis lumens in the cathe- 
ter tip section. One pair of puller wires extends into one 
off-axis lumen or lumen pair of the tip section and the 
other puller wire pair extends into the diametrically op- 
posed off axis lumen or lumen pair in the tip section. The 
distal ends of the puller wires are anchored to the tip 
section. Each pair of puller wires comprises a long and 
a short puller wire, the short puller wire of the pair being 
anchored at a location within the tip section proximal to 
the anchor location of the long puller wire of the pair. A 
compression coil extends through the catheter body in 
surrounding relation to each puller wire for resisting 
compression forces on the catheter body when a puller 
wire is moved in a proximal direction relative to the cath- 
eter body. The proximal end of each compression coil 
is fixedly attached to the proximal end of the catheter 
body, and the distal end of the compression coil is fixedly 
attached to the distal end of the catheter body and/or at 
a selected location along the length of the catheter tip 
section. The site of attachment of the distal end of the 
compression coil and the anchor site ofthe puller wire 
associated with that compression coil in the tip section 
determine the length of the tip deflection curvature in the 
direction of that puller wire. 
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[001 2] Longitudinal movement of the puller wires and 
hence deflection of the tip section is accomplished by 
means of the control handle. A preferred control handle 
comprises a handle body having four movable, prefer- 
ably slidable, members. Each movable member is con- 
nected to a puller wire so that movement, preferably in 
a proximal direction, of a movable member from a first 
position towards a second position results in proximal 
movement of the puller wire associated with that mem- 
ber with respect to the catheter body and deflection of 
the tip section in the direction of the off-axis lumen con- 
taining that puller wire. 

[0013] In a preferred embodiment, the long puller wire 
from each pair of puller wires is anchored at a first loca- 
tion adjacent to the distal end of the tip section . prefer- 
ably anchored to a tip electrode. The short puller wire 
from each pair is anchored to the side wall of the tip sec- 
tion at a second location spaced-apart proximally from 
the distal end of the tip section, preferably at about the 
mid-point of the tip section. The distal ends of the com- 
pression coils surrounding the short puller wires are fix- 
edly attached to either the distal end of the catheter body 
or the proximal end of the tip section. The distal ends of 
the compression coils surrounding the long puller wires 
are also fixedly attached to either the distal end of the 
catheter body or the proximal end of the tip section. Al- 
ternatively, the distal ends of the compression coils sur- 
rounding the long puller wires are attached to the tip sec- 
tion at a position adjacent the anchor sites ofthe short 
puller wire the tip section adjacent the second location. 
[001 4] Proximal movement of a short puller wire of the 
pair of puller wires results in a first curve in the direction 
of that short puller wire between the distal end of the 
compression coil surrounding that puller wire, e.g, the 
distal end of the catheter body and the location where 
the puller wire is anchored. Proximal movement of the 
long puller wire of the same pair will result In a continu- 
ation of that curve resulting in the deflection of the tip 
section into a generally planar. Alternatively, proximal 
movement of the long puller wire of the diametrically op- 
posite pair of puller wires results in a second curve in a 
direction opposite the first curve from the distal end ofthe 
compression coil surrounding that puller wire, i.e., the 
second location . and the distal end of the catheter tip 
section. The result is a generally planar "S" shaped 
curve. 

[0015] In another preferred embodiment of the inven- 
tion, the tip section comprises an axial lumen in addition 
to the off-axis lumen. In the proximal portion of the tip 
section, the two long puller wires extend into the axial 
lumen while the two short puller wires extend into the 
off axis lumens. At a position adjacent or distal to the 
anchor sites of the short puller wires, the long puller 
wires pass into the off axis lumens of their associated 
short puller wires and are anchored at positions distal 
to the anchor sites of the short puller wire and preferably 
adjacent the distal end of the tip section. I n this arrange- 
ment, proximal movement of a long puller wire deflects 



only the portion of the tip section where it extends 
through the off axis lumen, i.e., the distal portion of the 
tip section. Deflection of the proximal portion of the tip 
section results from proximal movement of a short puller 
s wire. 

[0016] It is understood that an additional lumen may 
be provided for passage of other compounds. For ex- 
ample, in an electrophysiology catheter, an additional 
lumen may serve to carry electrode lead wires. In other 
instances the additional lumen may be open at its distal 
end to conduct fluids into or out of the catheter. It may 
also serve to conduct other energy delivery devices 
such as an optical fiber, to carry a fiber optic bundle for 
direct viewing, to inflate a balloon, to serve as a conduit 
for needles and the like or other useful interventions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0017] These and other features and advantages of 
the present invention will be better understood by refer- 
ence to the following detailed description when consid- 
ered in conjunction with the accompanying drawings 
wherein: 

FIG. 1 is side view showing a preferred bi-direction- 
al catheter constructed in accordance with the 
present invention. 

FIG. 2 is a longitudinal cross-sectional view of one 
embodiment of a catheter body of a catheter ac- 
cording to the present invention, including the junc- 
tion between the catheter body and tip section. 
FIG. 3 is a transverse cross-sectional view of the 
catheter body of FIG. 2 taken along line 3-3. 
FIG. 4a is a longitudinal cross-section of the cathe- 
ter tip section showing a preferred means for an- 
choring the long puller wires 34a. 
FIG. 4b is a longitudinal cross-sectional view of the 
catheter tip section showing another preferred 
means for anchoring the long or short puller wire 
34b. 

FIG. 5 is a transverse cross-sectional view of the 
catheter tip section of FIG. 4 taken along line 5-5. 
FIG. 6 is a longitudinal cross-sectional view of a pre- 
ferred puller wire T-bar anchor. 
FIG. 7 is a longitudinal cross -sect ion a I view of the 
puller wire T-bar anchor of FIG. 4 rotated 90° to 
show the cross-piece on end. 
FIG. 8 is a longitudinal cross-sectional view of a pre- 
ferred control handle. 

FIG. 9 is an end view of the control handle of FIG. 
8 with the proximal cap and insert. 
FIG. 10 is a transverse cross-sectional view of a 
preferred means for securing the puller wire 34 to 
the control handle. 

FIG. 11 is a transverse cross-sectional view of the 
tip section of another preferred embodiment of the 
invention. 

FIG. 12 is a longitudinal cross-sectional view of the 
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tip section of yet another preferred embodiment of 
the invention. 

DETAILED DESCRIPTION 

[0018] A particularly preferred deflectable electrode 
catheter constructed in accordance with the present in- 
vention is shown in FIGs. 1 to 1 0. The catheter 1 0 com- 
prises an elongated catheter body 12, a deflectable tip 
section 14 and a control handle 16. 
[001 9] The catheter body 1 2 comprises an elongated 
tubular construction having a single central lumen 18. 
The catheter body 12 is flexible, i.e., bendable, but sub- 
stantially non-compressible along its length. The cathe- 
ter body 12 can be of any suitable construction and 
made of any suitable material. A presently preferred 
construction comprises an outer wall 20 made of poly- 
urethane or PEBAX. The outer wall 20 preferably com- 
prises an imbedded braided mesh of stainless steel or 
the like to increase torsional stiffness of the catheter 
body 12 so that when the control handle 16 is rotated 
the tip section 14 will rotate in a corresponding manner. 
[0020] The overall length and diameter of the catheter 
may vary according to the application. A presently pre- 
ferred catheter has an overall length of about 48 inches. 
The outer diameter of the catheter body 1 2 is not critical, 
but is preferably no more than about 8 f rench. The inner 
surface of the outer wall 20 is preferably lined with a 
stiffening tube 22, which can be made of any suitable 
material, preferably nylon or polyimide. The stiffening 
tube 22, along with the braided outer wall 20, provides 
improved torsional stability while at the same time min- 
imizing the wall thickness of the catheter body 12, thus 
maximizing the diameter of the central lumen 18. The 
outer diameter of the stiffening tube 22 is about the 
same as or slightly smaller than the inner diameter of 
the outer wall 20. A particularly preferred catheter has 
an outer diameter of about 0.092 inch and a lumen di- 
ameter of about 0.052 inch. 

[0021] As shown in FIGs. 4 and 5, the tip section 14 
comprises a short section of tubing 24 having four outer 
off-axis lumens 26 and a central axial lumen 28. The off- 
axis lumens 26 are arranged in two pairs, the pairs ex- 
tending through diametrically-opposed quadrants of the 
tip section. The lumens of each pair are preferably as 
close together as practical. 

[0022] The tubing 24 is made of a suitable non-toxic 
material that is preferably more flexible than the catheter 
body 1 2. A presently preferred material for the tubing 24 
is braided polyurethane, i.e., polyurethane with an em- 
bedded mesh of braided stainless steel or the like. 
[0023] The outer diameter of the tip section 14, like 
that of the catheter body 12, is preferably no greater than 
about 8 f rench. The off-axis lumens 26 each have a di- 
ameter preferably of about 0.018-0.020 inch. An axial 
or central lumen 28 is provided which preferably has a 
diameter of about 0.020-0.025 inch. 
[0024] A preferred means for attaching the catheter 



body 1 2 to the tip section 1 4 is illustrated in FIG. 2. The 
proximal end of the tip section 14 comprises an outer 
circumferential notch 30 that receives the inner surface 
of the outer wall 20 of the catheter body 1 2. The tip sec- 
s tion 1 4 and catheter body 1 2 are attached by glue or the 
like. 

[0025] In the arrangement shown, a spacer 32 lies 
within the catheter body 12 between the distal end of 
the stiffening tube 22 and the proximal end of the tip sec- 

10 tion 14. The spacer 32 is preferably made of a material 
that is stiffer than the material of the tip section 1 4, e.g. , 
polyurethane, but not as stiff as the material of the stiff- 
eningtube22, e.g., polyimide. A spacer made of Teflon® 
is presently preferred. A preferred spacer 32 has a 

15 length of from about 0.25 inch to about 0.75 inch, more 
preferably about 0.50 inch. Preferably the spacer 32 has 
an outer and inner diameter about the same as the outer 
and inner diameters of the stiffening tube 22. The spacer 
32 provides a transition in flexibility at the junction of the 

20 catheter body 12 and the tip section 14 to bend smoothly 
without folding or kinking. 

[0026] In the embodiment shown the distal end of the 
tip section 1 4 carries a tip electrode 1 1 0. Mounted along 
the length of the tip section 1 4 are a plurality of ring elec- 
ts trodes 114. The length of each ring electrode 114 is not 
critical, but is preferably about 1 mm to about 4 mm. The 
ring electrodes 1 1 4 are spaced apart, preferably at a dis- 
tance of about 2 mm to about 4 mm. 
[0027] The tip electrode 110 and ring electrodes 114 
30 are each connected to a separate lead wire 116. Each 
lead wire 116 extends through the axial lumen 28 in the 
tip section 1 4, through the central lumen 1 8 in the cath- 
eter body 12 and through the control handle 16. The 
proximal end of each lead wire 1 1 6 extends out the prox- 
35 imal end of the control handle 16 and is connected to 
an appropriate jack or other connector, which can be 
plugged into or otherwise connected to a suitable mon- 
itor, source of energy, etc. If desired, the portion of the 
lead wires 116 extending through the catheter body 12 
40 may be enclosed or bundled within a non-conductive 
protective tube or sheath. 

[0028] The lead wires 116 are connected to the tip 
electrode 1 1 0 and ring electrode 1 1 4 by any convention- 
al technique. Connection of a lead wire 116 to the tip 
45 electrode 1 1 0 is preferably accomplished by weld. Con- 
nection of a lead wire 116 to a ring electrode 114 is pref- 
erably accomplished by first making a small hole 
through the tubing 24. Such a hole can be created, for 
example, by inserting a needle through the tubing 24 
50 and heating the needle sufficiently to form a permanent 
hole. A lead wire 116 is then drawn through the hole by 
using a microhook or the like. The end of the lead wire 
116 is then stripped of any coating and welded to the 
underside of the ring electrode 114, which is then slid 
55 into position over the hole and fixed in place with poly- 
urethane glue or the like. 

[0029] The catheter comprises two pair of puller wires 
34. Each pair of puller wires 34 extends from the control 
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handle 16, through the central lumen 18 in the catheter 
body 12 and into one of the pairs of off -axis lumens 26 
of the tip section 14. As described in more detail below, 
the proximal end of each puller wire 34 is anchored with- 
in the control handle 1 6 and the distal end of each puller 
wire 34 is anchored within the tip section 14. 
[0030] Each puller wire 34 is made of any suitable 
metal, such as stainless steel or Nitinol. Preferably each 
puller wire 34 is coated with coating, such as a coating 
of Teflon ®, or the like. Each puller wire 34 has a diam- 
eter preferably ranging from about 0.006 inch to about 
0.0010 inch. Preferably all of the pullers 34 have the 
same diameter. 

[0031] In the embodiment shown, each puller wire 34 
pair comprises a "long" and a "short" puller wire 34. The 
long puller wire 34a of each puller wire pair is anchored 
at the distal end of the tip section 14. The short puller 
wire 34b of each puller wire pair is anchored to the side 
wall of the tip section 1 4 at about the midpoint of the tip 
section. It is preferred that the short puller wire 34b of 
each puller wire pair are anchored at about the same 
position, i.e., the same distance from the distal end of 
the tip section 14 and the long puller wire 34a of each 
puller wire pair are anchored at the distal end of the tip 
section 14. It is understood, however, that the anchor 
positions of the puller wires may be varied as desired. 
The two long puller wires 34a can be anchored either to 
the tip electrode 110 with weld or the like, as shown in 
FIG. 4a, or to the side wall of the tip section 14. 
[0032] If attached to the side wall of the tip section 1 4, 
each puller wire 34 is preferably attached by means of 
an anchor 46 fixedly attached to the distal end of the 
puller wire 34, as illustrated in FIGs. 4b, 6 and 7. In such 
an embodiment, the anchor 46 is formed by a metal tube 
48, e.g., a short segment of hypodermic stock, that is 
fixedly attached, e.g., by crimping, to the distal end of 
the puller wire 34. The tube 48 has a section that ex- 
tends a short distance beyond the distal end of the puller 
wire 34. A cross-piece 50 made of a small section of 
stainless steel ribbon or the like is soldered or welded 
in a transverse arrangement to the distal end of the met- 
al tube 48, which is flattened during the operation. This 
creates a T-bar anchor 52. A notch 54 is created in the 
side of the tip section 14 resulting in an opening in the 
off-axis lumen 26 carrying the puller wire 34. The cross 
piece 50 lies transversely within the notch 54. Because 
the length of the ribbon forming the cross-piece 50 is 
longer than the diameter of the opening into the off-axis 
lumen 26, the anchor 46 cannot be pulled completely 
into the off-axis lumen. The notch 54 is then sealed with 
polyurethane glue or the like to give a smooth outer sur- 
face. The glue flows into the off-axis lumen to fully se- 
cure the anchor. Other means for anchoring the puller 
wires 34 in the tip section 14 would be recognized by 
those skilled in the art and are included within the scope 
of the invention. 

[0033] The catheter further comprises four compres- 
sion coils 36 in surrounding relation to the puller wires 



34. Each compression coil 36 is made of any suitable 
metal, such as stainless steel. Each compression coil 
36 is tightly wound on itself to provide flexibility, i.e., 
bending, but to resist compression. The inner diameter 
5 of each compression coil 36 is preferably slightly larger 
than the diameter of its associated puller wire 34. For 
example, when a puller wire 34 has a diameter of about 
0.007 inch, the corresponding compression coil 36 pref- 
erably has an inner diameter of about 0.009 inch. The 
coating on the puller wires 34 allows them to slide freely 
within the compression coils 36. The outer surface of 
each compression coil 36 is preferably covered along 
most of its length by a flexible, non-conductive sheath 
38 to prevent contact between the compression coil 36 
and any wires, fibers or cables also dispersed within the 
central lumen 18. A non-conductive sheath 38 made of 
polyimide tubing is presently preferred. 
[0034] Each compression coil 36 is anchored at its 
proximal end to the proximal end of the stiffening tube 
22 in catheter body 12 by a glue joint 40. When a stiff- 
ening tube 22 is not used, each compression coil is an- 
chored directly to the outer wall 20 of the catheter body 
12. A transfer tube 117 extends through the glue joint 
40. The transfer tube 117 provides a tunnel through 
which the electrode lead wires 116 extend and allows 
the electrode lead wires 116 longitudinal movement 
through the glue joint. 

[0035] The distal ends of the compression coils 36 
may extend into the off-axis lumens of the tip section 
and are anchored at their distal ends to the proximal end 
of the tip section 1 4 by a glue joint. Alternatively, the dis- 
tal ends of the two compression coils 36 can be an- 
chored to the distal end of the stiffening tube 22 in the 
catheter body 1 2 or directly to the distal end of the outer 
wall 20 of the catheter body 12 when no stiffening tube 
22 is used. In the latter arrangement, a second transfer 
tube 1 1 7 is provided through the glue joint 42 to provide 
slidable passage of the electrode lead wires 116 from 
the central lumen of the catheter body into the central 
lumen of the tip section. 

[0036] Both glue joints 40, 42 preferably comprise 
polyurethane glue or the like. The glue may be applied 
by means of a syringe or the like through a hole made 
between the outer surface of the catheter body 12 and 
the central lumen 18. Such a hole may be formed, for 
example, by a needle or the like that punctures the outer 
wall 20 and the stiffening tube 22 that is heated suffi- 
ciently to form a permanent hole. The glue is then intro- 
duced through the hole to the outer surface of the com- 
pression coil 36 and wicks around the outer circumfer- 
ence to form a glue joint about the entire circumference 
of the compression coil 36. 

[0037] Within the off-axis lumens 26, each puller wire 
34 is surrounded by a plastic sheath 44, preferably 
made of Teflon®. The plastic sheathes 44 prevent the 
puller wires 34from cutting into the wall of thetip section 
14 when the tip section is deflected. Alternatively, each 
puller wire 34 can be surrounded by a compression coil 
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where the turns are expanded longitudinally, such that 
the surrounding compression coil is both bendable and 
compressible. 

[0038] In the arrangement described above ; longitu- 
dinal movement of one of the short puller wire 34b in a 
proximal direction result in deflection of the tip section 
in the direction of the off axis lumen contain ing that puller 
wire 34. Deflection occurs between the distal end of the 
compression coil surrounding the puller wire 34 and the 
anchor site of that puller wire 34. In the preferred em- 
bodiment described above, proximal movement of a 
short puller wire 34b results in deflection over the prox- 
imal half of the tip section in the direction of that short 
puller wire 34b. Thereafter, longitudinal movement of 
one of the long puller wires 34a results in deflection of 
the distal half of the tip section in the direction of that 
long puller wire 34a. 

[0039] It has been found that if the tip is deflected by 
means of a short puller wire 34b first, subsequent de- 
flection by means of the a long puller wire 34a is gener- 
ally limited to the portion of the tip section beyond the 
anchor site of the short puller wire 34b and does not sub- 
stantially affect the amount of deflection which occurs 
as a result of movement by the short puller wire 34b. If 
the long puller wire 34a that is moved is adjacent the 
short puller wire 34b which was moved first, the tip will 
be deflected into a generally planar "U" shape, the de- 
gree of curvature being generally consistent along the 
length of the curve. If the long puller wire 34a that is 
moved is in an off-axis lumen diametrically opposed to 
the short puller wire 34b which was moved, the tip sec- 
tion will be deflected into a generally planar "S" shape. 
[0040] It should be understood that, if desired, proxi- 
mal movement of one of the long puller wires 34a may 
occur first followed by proximal movement of a short 
puller wire 34b. This sequence is not preferred because 
the shape and degree of curvature is not as easily con- 
trolled. For example, manipulation of a long puller wire 
34a first results in deflection of the tip section over the 
full length of the tip section. Thereafter, proximal move- 
ment of an adjacent short puller wire 34b tends to in- 
crease the degree of curvature along the proximal half 
of the tip section, so that the degree of curvature is not 
consistent over the full length of the curve. If it is an op- 
posite short puller wire 34b that is moved proximally, the 
proximal half of the tip section straightens and will re- 
verse its curvature into an S-shape, however, a uniform 
degree of curvature of each curve in the "S" tends to be 
difficult to achieve. 

[0041] In another preferred embodiment of the inven- 
tion, the compression coils 36 surrounding the two short 
puller wire 34b are anchored at the distal end of the cath- 
eter body or proximal end of the tip section 14 as de- 
scribed above. In this embodiment, however, the com- 
pression coils 36 surrounding the long puller wires 34a, 
however, are anchored at about the same position along 
the length of the tip section as the anchor sites of the 
short puller wires 34b. In this arrangement, proximal 



movement of a long puller wire 34a can only result in 
deflection of the distal portion of the tip section. Hence, 
in this embodiment, the sequence in which the puller 
wires 34 are manipulated does not matter, i.e., it does 
5 not matter whether a long or short puller wire 34b is 
moved proximally first. It is understood that the anchor 
sites for the puller wires 34 may be independently varied 
as desired. 

[0042] An alternate embodiment having a tip section 
10 14 with only two off-axis lumens 26 is illustrated in FIG. 
11 . The off-axis lumens 26, which may be oval or round 
as desired, are on diametrically opposed sides of the 
on-axis lumen 28. A pair of adjacent puller wires 34, as 
described above, is contained within each off-axis lu- 
15 men 26. Thus, within one off-axis lumen 26, the short 
puller wire 34b of a pair is anchored within the tip section 
14 proximal to its adjacent long puller wire 34a. In such 
an embodiment, a transfer tube is provided through the 
glue joint which is formed at the anchor site of the short 
20 puller wire 34b. The long pullerwire 34a slidably passes 
through the transfer tube. Alternatively the compression 
coil surrounding the long puller wire 34a may extend to 
the anchor site of the short puller wire 34b and be an- 
chored by the same glue as anchors the short puller wire 
25 34b. Within the off-axis lumen 26, the adjacent puller 
wires 34 are preferably situated next to each other the 
same distance from the on-axis lumen 28. 
[0043] With reference to Fig. 12, in another embodi- 
ment of the invention, the tip section comprises a first 
30 short section of flexible tubing 24, a bridging tube 25, a 
second short section of flexible tubing 27, and a tip elec- 
trode 1 1 0. The first and second short sections of flexible 
tubing 24 and 27 and the bridging tube can be made of 
any suitable material, for example, polyurethane. The 
35 first section of flexible tubing 24 contains an axial lumen 
28 and two generalyl diametrically-opposed off-axis lu- 
mens 26. The second section of flexible tubing 27 con- 
tains two generally diametrically-opposed off-axis lu- 
mens 26 and may contain an axial lumen 28 if desired. 
40 The bridging tube 25 is generally hollow having an open 
interior region 29. 

[0044] Each long puller wire 34a extends through an 
axial lumen 28 in the proximal portion of first flexible tub- 
ing 24, through the open interior region 29 of the bridging 
45 tube 25, and then into a different off-axis lumen 26 in 
the second section of tubing 27. In the embodiment 
shown, the distal ends of the long puller wires 34a are 
anchored, e.g., by solder or the like to a tip electrode 
110. Other means for anchoring the distal ends of the 
50 long puller wires 34a to a tip electrode 110, or the distal 
end of the tubing 24 of the tip section 14 may be used 
as is well known in the art. In the catheter body 12, the 
long and short puller wires 34a and 34b extend through 
compression coils 36, the distal ends of which are fixedly 
55 attached to the distal end of the catheter body 12 or 
proximal end of the tip section 1 4 generally as described 
above. 

[0045] By virtue of extending through an axial lumen 
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in the proximal portion of the tip section, i.e., in the first 
section of tubing 24, proximal movement of a long puller 
wire 34a will not result in deflection of that portion of the 
tip section. However, because the long puller wires 34a 
extend through off axis lumens in the distal portion of 
the tip section, i.e., in the section of tubing 27, proximal 
movement of a long puller wire 34a will result in deflec- 
tion of the distal portion of the tip section in the direction 
of the off axis lumen 26 through which that long puller 
wire 34a extends. In this embodiment, it does not matter 
which puller wire 34, i.e., long or short, is manipulated 
first. 

[0046] In the embodiment shown in Fig. 12, one or 
more additional off axis lumens may be provided 
through which additional components, e.g., electrode 
leadwires, infusion tube, optic fiber, etc., may extend. 
[0047] In each of the above embodiments, longitudi- 
nal movement of the puller wires 34 is controlled by the 
control handle 16. With reference to FIGs. 8 and 9, a 
preferred control handle 1 6 comprises a generally cylin- 
drical control handle body 56, a distal cap 58 at the distal 
end of the control handle body 56, and a proximal cap 
60 at its proximal end. The control handle body 56 com- 
prises a cylindrical central lumen 62 and four cylindrical 
outer lumens 64 that overlap with, and thus communi- 
cate with, the central lumen 62. 
[0048] Four pistons 68, each comprising a movable 
member, are slidably mounted within each of the outer 
lumens 64 in the control handle 16. Each piston 68 is 
generally cylindrical along about two-thirds of its length. 
The proximal third of each piston 68 is generally semi- 
circular in cross-section, having a flat surface 70 facing 
the axis of the control handle 12. At the transition be- 
tween the distal cylindrical portion and the proximal 
semi-cylindrical portion of the piston 68, there is an an- 
gled, generally flat face 72. A preferred angle is about 
45°. 

[0049] With reference to FIG. 10, at the distal end of 
each piston 68, there is a threaded axial hold 74 that 
receives a threaded set screw 76. Each set screw 76 
has an axial bore 78 therethrough for passage of the 
proximal end of one of the puller wires 34. In a preferred 
embodiment, the axial bore 78 has a distal section with 
a diameter slightly larger than the diameter of the puller 
wire 34 and a proximal section with a diameter larger 
than that of the distal section. The entrance 79 to the 
axial bore 78 is beveled. 

[0050] Each puller wire 34 extends through the axial 
bore 78 of the corresponding set screw 76 and is an- 
chored thereto. A preferred means for anchoring a puller 
wire 34 to a set screw 76 comprises fixedly attaching, 
e.g., by crimping, a short piece of hypodermic stock 80 
to the proximal end of the puller wire 34 after it has 
passed through the distal section of the axial bore 78 of 
the set screw 76. The hypodermic stock 80 has a diam- 
eter greater than the diameter of the distal section of the 
axial bore 78 and prevents the puller wire 34 from being 
pulled through the axial bore 78 and out of the set screw 



76. Alternatively, a cross-member, e.g., stainless-steel 
ribbon, may be welded to the proximal end of the puller 
wire 34 such that the cross-member prevents the puller 
wire 34 from being pulled through the axial bore of the 

5 set screw. It is understood than any other mechanism 
for attaching the proximal end of each puller wire 34 to 
one of the pistons may also be used. 
[0051] Along the length of each piston 68, there is pro- 
vided a threaded radial hole 82 into which a threaded 

10 post 84 is screwed. The post 84 extends radially out- 
wardly from the axis of the control handle 16 through a 
longitudinal slot 86 in the control handle body 56. At the 
end of each post 64, remote from the respective piston 
68, there is fixedly attached a button 88. This configu- 

15 ration completes a functional moveable member. In this 
arrangement, the movable member is slidably adjusta- 
ble between multiple positions defined by the length of 
each longitudinal slot 86. 

[0052] An operator may grip the outer surface of the 
20 control handle body 56 and slide a button 88 and corre- 
sponding piston 68 longitudinally along the length of the 
slot 86 by means of thumb pressure. The buttons 88 are 
preferably designed so that two buttons 88a ; which cor- 
respond to two adjacent puller wires 34, are similarly 
25 shaped. Similarly the other two buttons 88b, corre- 
sponding to the other two adjacent puller wires 34, are 
also similarly shaped. 

[0053] In a particularly preferred embodiment, as 
shown in FIG. 9, the buttons 88arefurtherdifferentiated, 

30 e.g., by size, texture, etc., to provide a tactile identifica- 
tion of the puller wire 34 that is being manipulated, e.g., 
which puller wire 34 pair it is associated with and wheth- 
er it is the short puller wire 34b or the long puller wire 
34a. For example, the buttons 88 associated with one 

35 pair may be rounded and those associated with the oth- 
er pair may be cylindrical with the button associated with 
the short puller wires 34b being knurled while the but- 
tons 88 associated with the long puller wires 34a being 
smooth. This design helps avoid confusion by a physi- 

40 cian manipulating the catheter 10 during a medical pro- 
cedure. 

[0054] In a preferred embodiment, there is provided 
a means for adjusting the amount of manual pressure 
required to slide a button 88 along the length of the slot 

45 86. For example, one physician may desire a control 
handle having a "light touch," i.e., requiring only a small 
amount of pressure to slide the buttons 88 and hence 
making deflection off the tip section 14 very responsive 
to the physician's touch. Another may prefer that sub- 

50 stantial pressure be required to slide the buttons 88 so 
that the tip curvature will remain when a button 88 is 
released. 

[0055] With reference to FIG. 8, a preferred button ar- 
rangement comprises a washer 90 and an O-ring 92 po- 
55 sitioned between the button 88 and the control handle 
body 56 and a compression spring 94 in surrounding 
relation to the threaded post 84 between the button 88 
and the washer 90. In this arrangement, rotation of a 
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button 88 in one direction causes the threaded post 84 
to thread into the radial hole 82 of the piston 68, increas- 
ing the spring force and O-ring force pressing the wash- 
er 90 against the control handle body 56. This increases 
the amount of frictional force that must be overcome to 
slide a button 88 along the length of the slot 86. Rotation 
of a button 88 in the opposite direction lessens such 
forces. 

[0056] The distal cap 58 comprises a cylindrical por- 
tion 96 having a circumferential notch 98 at its proximal 
end. The circumferential notch 98 mates with the cylin- 
drical flange 66 of the control handle body 56. That is, 
the outer diameter of the circumferential notch 98 is 
about the same as the inner diameter of the flange 66 
of the control handle body 56. The distal cap 58 is then 
press-fit into the control handle body 56 until the distal 
edge of the flange 66 engages a shoulder 100 of the 
distal cap 58. Distal to the cylindrical portion 96, the dis- 
tal cap 58 comprises a generally conical portion 102. A 
small extension 104 projects distally at the distal end of 
the conical portion 102. The extension 104 comprises 
an axial hole through which the catheter body 12 ex- 
tends. The catheter body 12 is fixedly attached within 
the extension 104, e.g., by glue or the like. 
[0057] Each of the puller wires 34 passes out of the 
proximal end of the catheter body 12 and extends 
through the distal cap 58 of the control handle 16 to a 
separate piston 68 within the control handle body 56. 
The proximal ends of the puller wires 34 are fixed to the 
pistons 68, e.g., by means of the set screws 76 de- 
scribed above. In this arrangement, longitudinal move- 
ment of a piston 68 by means of pressure on the asso- 
ciated button 88 longitudinally moves the puller wire 34 
associated with that piston 88 and deflects the tip sec- 
tion 1 4 in a direction corresponding to the side of the tip 
section to which that puller wire 34 is anchored. 
[0058] To assure that the puller wires 34 transition 
smoothly from the catheter body 1 2 to their anchor sites 
on the pistons 68, the puller wires 34 exit the distal cap 
58 around a first radius and then around a second radius 
before entering the piston 68. The first radius is the 
curved inner surface 1 05 ofthe hole in the distal cap 58. 
The second radius is the curved surface of insert 106 
that seats into the distal end of the central lumen 62 of 
the control handle 1 6. The insert 1 06 comprises a round- 
ed head portion having an outer surface adjacent the 
distal ends of the pistons 68. The puller wires 34 pass 
from the catheter body 1 2, into the hole in the distal cap 
58, around the head portion of the insert 106, and then 
to the corresponding pistons 68. The rounded head of 
the insert 106 assures that the puller wires 34 are gen- 
erally co-axial with the pistons 68 at their points of at- 
tachment. This, in turn, avoids any sharp bends in the 
puller wires 34 at the points of attachment that could 
lead to weakening and potential breakage. 
[0059] It is desirable to prevent simultaneous move- 
ment of the two long puller wires 34a or the two short 
puller wires 34b and yet allow for simultaneous move- 



ment of a combination of a long puller wire 34a and a 
short puller wire 34b ; whether or not they are adjacent. 
This is accomplished by attaching the two long puller 
wires 34a to diametrically opposed pistons 68 inthecon- 
s trol handle 16 and similarly attaching the two short puller 
wires 34b to the other diametrically opposed pistons 68. 
A deflectable stop 1 20 is provided within the control han- 
dle 16. The stop 120 comprises a central post 122 ex- 
tending distally from the proximal cap 60 to a point ad- 
jacent the angled faces 72 of the pistons 68. At the distal 
end of the post 1 22, there is an enlarged head 1 24 hav- 
ing a conical surface 126 angled in a manner similar to 
the faces 72 of the pistons 68. The post 122 comprises 
an axial bore through which the electrode lead wires 116 
may pass. 

[0060] When one piston 68 is moved proximally, the 
angled face 72 of that piston engages the conical sur- 
face 126 of the head 124 of the stop 120 causing the 
post 1 22 and head 1 24 to move off axis. If one attempts 
to move the diametrically opposed piston 68 proximate- 
ly, the conical surface 126 of the head 124 will engage 
the angled face 72 surface of that piston and prevent 
proximal movement. This is because, by virtue of the 
position of the first piston . the post 122 and head 124 
cannot move out of the way of the second piston. Thus, 
the stop 120 allows only one piston 68 of each pair of 
diametrically opposed pistons to be moved at one time. 
[0061] Depending on the intended use of the catheter 
10, it can further comprise additional features such as 
temperature sensing means, an optic fiber, an infusion 
tube, and/or an electromagnetic sensor. 
[0062] The tip section 1 4 may also comprise an elec- 
tromagnetic sensor connected to a system for monitor- 
ing and displaying the signals received from the sensor. 
The electromagnetic sensor allows a physician to iden- 
tify the location of the catheter within the heart. A pre- 
ferred electromagnetic sensor is manufactured by Bio- 
sense Ltd. Israel and marketed under the trade desig- 
nation NOGA. A description of placement of an electro- 
magnetic sensor in a steerable catheter is provided in 
U.S. Patent Application Serial No. 08/924,616 entitled 
"Steerable Direct Myocardial Revascularization Cathe- 
ter" to D. Ponzi, filed September 5, 1 997, the disclosure 
of which is incorporated herein by reference. 
[0063] The catheter may, if desired, comprise an optic 
fiber for transmitting laser energy to heart tissue, for ex- 
ample, for a percutaneous myocardial revascularization 
procedure. A preferred means for incorporating an optic 
fiber into a steerable catheter is disclosed in EP-A-0 900 
549, the disclosure of which is incorporated herein by 
reference. 

[0064] Also, if desired, the catheter may comprise an 
infusion tube for infusing fluids, such as drugs or saline, 
into the heart or for withdrawing fluids from the heart. 
An infusion tube may extend through the central lumen 
of the catheter body and into the on-axis lumen in the 
tip section. The distal end of the infusion tube may ex- 
tend into a passage in the tip electrode 110 and be fixed, 
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e.g., by glue, to the tip electrode. Such a passage in the 
tip electrode may be straight or branched as desired. In 
such an embodiment, the proximal end of the infusion 
tube would extend out of a sealed opening in the side 
wall of the catheter body and terminates in a luer hub or 
the like as described in U.S. Patent No. 5,431,168, 
which is incorporated herein by reference. Alternatively, 
the infusion tube may extend through the control handle 
and terminate in a luer hub or the like at a location prox- 
imal to the control handle. 

[0065] In the embodiments described above, the cen- 
tral lumen 18 of the catheter body 12 is used for passage 
of the electrode lead wires 116 as well as the four puller 
wires 34, compression coils 36 and, if present, thermo- 
couple wires, electromagnetic sensor cable, optic fiber 
or infusion tube. It is understood that the catheter body 
12 could alternatively comprise a plurality of lumens. 
However, the single central lumen 18 is preferred be- 
cause it has been found that a single lumen body per- 
mits better control when rotating the catheter 10. The 
single central lumen permits the puller wires 34, com- 
pression coils 36 and lead wires 110, as well as an optic 
fiber and or infusion tube to float freely within the cath- 
eter body 1 2. If such wires and tubes are restricted with- 
in multiple lumens, they tend to build up energy when 
the control handle 1 6 is rotated, resulting in the catheter 
body 1 2 having a tendency to rotate back if, for example, 
the handle is released, or if bent around a curve, to flip 
over, either of which are undesirable performance char- 
acteristics. 

[0066] The preceding description has been presented 
with reference to presently preferred embodiments of 
the invention. Workers skilled in the art and technology 
to which this invention pertains will appreciate that al- 
terations and changes in the described structure may 
be practiced without meaningfully departing from the 
principal, spirit and scope of this invention. 
[0067] Accordingly, the foregoing description should 
not be read as pertaining only to the precise structures 
described and illustrated in the accompanying draw- 
ings, but rather should be read consistent with and as 
support to the following claims which are to have their 
fullest and fair scope. 



Claims 

1. A bi-directional steerable catheter comprising: 

an elongated catheter body having proximal 
and distal ends and at least one lumen there- 
through; 

a catheter tip section at the distal end of the 
catheter body having proximal and distal ends 
and at least two diametrically-opposed off-axis 
lumens; 

a control handle at the proximal end of the cath- 
eter body, the control handle comprising at 



least four movable members movable between 
first and second positions; 
two pairs of puller wires, each pair comprising 
associated long and a short puller wire, each 

$ puller wire having proximal and distal ends, the 

proximal end being connected to an associated 
movable member of the control handle, each 
pair of puller wires extending through a lumen 
of the catheter body, each short puller wire ex- 

10 tending into the proximal portion of a separate 

one of the diametrically opposed off-axis lumen 
in the tip section wherein the distal end of the 
short puller wire of each pair of puller wire is 
anchored to the tip section at a position along 

15 the length of the tip section, each long puller 

wire extending through at least the portion of 
the tip section distal to the first position wherein 
the distal end of the long puller wire-of each 
puller wire pair is anchored to the tip section at 

20 a position distal to the anchor position of its as- 

sociated short puller wire; 
a compression coil extending through the cath- 
eter body in surrounding relation to each puller 
wire, each compression coil having proximal 

25 and distal ends, the proximal ends of each com- 

pression coil being fixedly secured to the prox- 
imal end of the catheter body and wherein the 
distal ends of the compression coils in sur- 
rounding relation to the short puller wire of each 

30 puller wire pair is fixedly secured to one of the 

catheter body and tip section at a position prox- 
imal to the anchor position of the short puller 
wire to which it surrounds, and wherein the dis- 
tal ends of the compression coil in surrounding 

35 relation to the long puller wire of each puller 

wire pair is fixedly secured to the tip section at 
a position proximal to the anchor position of the 
long puller wire to which it surrounds; and 

40 wherein movement of a movable member from its 
first to its second position results in proximal move- 
ment of the puller wire associated with that movable 
member relative to the catheter body, 

45 2. A bi-directional catheter as claimed in claim 1, 
wherein the long puller wire of each puller wire pair 
is anchored at the distal end of the tip section. 

3. A bi-directional catheter as claimed in claim 2, 
50 wherein the short puller wire of each puller wire pair 

is anchored at about the midpoint of the tip section. 

4. A bi-directional catheter as claimed in claim 1, 
wherein the distal end of the compression coil in 

55 surrounding relation to each short puller wire is fix- 
edly secured to one of the distal end of the catheter 
body and the proximal end of the tip section. 
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5. A bi-directional catheter as claimed in claim 4, 
wherein the distal end of the compression coil in 
surrounding relation to each long puller wire of each 
puller wire pair is fixedly secured to one of the distal 
end of the catheter body and the proximal end of 
the tip section. 

6. A bi-directional catheter as claimed in claim 4 
wherein the distal end of the compression coil in 
surrounding relation to the long puller wire of a pull- 
er wire pair is secured to the tip section a position 
along the length of the tip section adjacent the an- 
chor position of the short puller wire of that puller- 
wire pair. 

7. A bi-directional catheter as claimed in claim 1, fur- 
ther comprising means for preventing the movable 
member associated with the short puller wire of a 
puller wire pair from moving from its first to its sec- 
ond position when the movable member associated 
with the short puller wire of the other puller wire pair 
is in its second position and for preventing the mov- 
able member associated with the long puller wire of 
a puller wire pair from moving from its first to its sec- 
ond position when the movable member associated 
with the long puller wire of the other puller wire pair 
is in its second position. 

8. A bi-directional catheter as claimed in claim 1, 
wherein the catheter body has a single lumen. 

9. A bi-directional catheter as claimed in claim 1 com- 
prising two diametrically opposed pairs of adjacent 
off-axis lumens and wherein each puller wire of a 
puller wire pair extends into a separate lumen of an 
adjacent off-axis lumen pair. 

10. A bi-directional catheter as claimed in claim 1 
wherein the tip section further comprises an axial 
lumen. 

11. A bi-directional catheter as claimed in claim 10 
wherein the tip section further comprises an axial 
lumen wherein each long puller wire extends into 
and through the axial lumen of the tip section and 
then, at or distal to the anchor position of its asso- 
ciated short puller wire, extends into and through 
the off axis lumen of its associated short puller wire. 

12. A bi-directional catheter as claimed in claim 1, 
wherein the tip section carries at least one elec- 
trode. 

13. A bi-directional catheter as claimed in claim 1, 
wherein the tip section carries at least one ring elec- 
trode. 

14. A bi-directional catheter as claimed in claim 1, 



wherein the tip section carries a tip electrode. 

15. A bi-directional catheter as claimed in claim 1, fur- 
ther comprising an infusion tube extending through 

s a lumen in the catheter body and through a lumen 
in the tip section for passing afluid through the cath- 
eter body and tip section. 

16. A bi-directional catheter as claimed in claim 11 , fur- 
10 ther comprising a means for sensing the tempera- 
ture of at least one electrode. 

17. A bi-directional catheter as claimed in claim 1, fur- 
ther comprising an electromagnetic sensor dis- 

15 posed within the tip section. 

18. A bi-directional catheter as claimed in claim 1, fur- 
ther comprising an optic fiber extending though a 
lumen in the catheter body and through a lumen in 
the tip section. 
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